INTRODUCTION {#sec1-1}
============

Traumatic brain injury represents one of the most significant factors for disability (from neurocognitive deficit and behavioral problem) and mortality (from refractory raised intracranial pressure and brain stem failure) in multiple trauma patients. Previous studies of multiple trauma patients associated with head injury have demonstrated that increasing age is an independent predictor of mortality.\[[@ref1]--[@ref3]\] Shackford *et al*. found that central nervous injury was responsible for 48% of all trauma death.\[[@ref2]\] Gennarelli *et al*. found that 34% of trauma patients sustained concomitant traumatic brain injury and mortality of trauma patients with traumatic brain injury (15%) tripled that of those without traumatic brain injury (5%).\[[@ref1]\] Most studies reported neurological outcomes of traumatic brain injury patients with inclusion of multiple trauma as a risk factor and data on neurological outcomes among elderly multiple trauma patients associated with traumatic brain injury were few in the literature.\[[@ref4]--[@ref19]\] In multiple trauma patients, secondary brain injuries were found in two-third of patients dying of traumatic brain injuries despite rapid transport and evacuation of mass lesions. Age has also been established as a prognostic factor for isolated head injury.\[[@ref4]--[@ref10]\] Increasing age is not only a poor prognostic factor in survival, but also an independent predictor of poor outcome after multiple trauma and head injury, through similar mechanisms of decline in physiological reserve, presence of comorbidity, and increased likelihood of developing intracranial hematomas.\[[@ref11]--[@ref19]\] Also, in contrast to younger patients, fall was the commonest cause of injury, rather than vehicle-related. Half of the elderly patients actually suffered from major trauma.

Life expectancy is expected to increase in the coming years with the advance of medical technology. In the United States, it is expected that more than one-fifth of the population will be aged over 65 by the year 2040. In Hong Kong, it is projected that the population aged over 65 will increase from 12% to 26% by 2036.\[[@ref20]\] There is a lack of data in the literature on neurological outcomes and disability in Chinese elderly multiple trauma patients with associated head injury. We hypothesized that age over 65 was a poor prognostic factor in Hong Kong Chinese patients with multiple trauma and head injury, and secondarily aimed to assess clinical outcomes following neurosurgical operations.

PATIENTS AND METHODS {#sec1-2}
====================

The study was conducted in a regional trauma center in Hong Kong, which provides emergency neurosurgical care for a quarter of the population of Hong Kong. A trauma database is maintained with comprehensive details of all trauma patients admitted via the Emergency Department (ED) trauma rooms.

We retrospectively reviewed data on trauma patients, collected prospectively between 1 January 2001 and 31 December 2008. We included patients aged over 65 years with multiple trauma (as defined by Injury Severity Score \[ISS\] ≥ 15 with two or more Abbreviated Injury Scale \[AIS\] ≥ 2 on admission) and head injury (as defined by head Abbreviated Injury Scale \[AIS\] of ≥ 2 on admission) for analysis. In-hospital data relating to the mechanism of injury, sex, age, comorbidity, Glasgow Coma Scale (GCS) score on admission, initial systolic blood pressure (SBP), initial unassisted respiratory rate (RR), Revised Trauma Score (RTS), ISS, AIS of different regions, and computed tomographic findings of intracranial hematoma, were retrieved for analysis.\[[@ref21]--[@ref24]\] Neurosurgical operative records were retrieved and reviewed retrospectively.

The primary outcome was the neurological outcome at 6 months postinjury, as measured by the Glasgow Outcome Scale (GOS).\[[@ref25]\] The GOS measures global functioning as a combination of neurological function and dependence on others, with five outcome categories ranking 1-5: death (1), persistent vegetative state (2), severe disability (conscious but dependent on others for daily activities) (3), moderate disability (disabled but independent in daily activity) (4), and good recovery (5). We completed the outcome measure at discharge and at 6 months, using telephone interviews conducted by trained research assistants. Incomplete data collection or loss of follow-up happened in 16 (6%) patients and they were excluded from further analysis. Favorable outcomes at 6 months included good recovery and moderate disability. Unfavorable outcomes at 6 months included severe disability, persistent vegetative state and death.

The data were analyzed using SPSS for Windows version 15.0 (SPSS Inc., Chicago, IL). Data are presented as percentages for categorical data, means with standard deviations for continuous data, and medians with interquartile ranges for ordinal data. Factors considered include male sex, elderly (age ≥ 65 years), admission GCS, admission ISS, admission SBP, admission RR, and the presence of medical comorbidity. Univariate statistical analyses were performed using contingency analysis (the Pearson Chi-square test and the Fisher exact test) for categorical data, and the Mann-Whitney U-test for continuous data. The three significant factors (elderly, admission GCS, and admission ISS) were included for subsequent multivariable statistical analyses with multiple logistic regression using the 'enter' method, and results are presented as odds ratios and 95% confidence intervals. Statistical significance was taken as a two-tailed *P*-value of 0.05 or less, and a trend was suggested by a two-tailed *P*-value between 0.05 and 0.10.

RESULTS {#sec1-3}
=======

Patients requiring emergency neurosurgical operations {#sec2-1}
-----------------------------------------------------

A total of 243 patients underwent emergency neurosurgical operations during the 8-year period. Patient characteristics are summarized in [Table 1](#T1){ref-type="table"}. There were no significant differences in admission GCS, ISS, and RTS between patients aged over and below 65 years. The most common associated injuries, other than head and neck, were thoracic injuries.

###### 

Clinical characteristics of multiple trauma patients requiring emergency neurosurgical operations

![](JETS-4-346-g001)

Six-month neurological outcomes are summarized in [Table 2](#T2){ref-type="table"}. Age over 65 years was a significantly independent prognostic factor for neurological outcomes (odds ratio 0.21, 95% CI: 0.09-0.52) and mortality (odds ratio 3.9, 95% CI: 1.5-9.7), after multiple logistic regression. Other significant prognostic factors for neurological outcomes were ISS (odds ratio 0.97, 95% CI: 0.94-0.99) and admission GCS (odds ratio 1.2, 95% CI: 1.1-1.3). Similarly, other significant prognostic factors for mortality were ISS (odds ratio 1.05, 95% CI: 1.02-1.08) and admission GCS (odds ratio 0.89, 95% CI: 0.82-0.97).

###### 

Six-month neurological outcomes of multiple trauma patients requiring emergency neurosurgical operations

![](JETS-4-346-g002)

Emergency neurosurgical operations in patients aged over 65 years {#sec2-2}
-----------------------------------------------------------------

Thirty-four patients were aged over 65 years. Age (mean ± SD) was 72.6 ± 6.4 years and 56% were male. Medical comorbidities were present in 11 (32%) patients. Falls at the ground level or from less than 1 m accounted for 50% of cases, and pedestrian involvement accounted for another 32% of cases. Admission GCS (median, interquartile range) was 8.5, 4.5-13.25, and 17 (50%) patients sustained a coma-producing severe head injury. ISS (mean ± SD) was 29.7 ± 8.7 and RTS (mean ± SD) was 6.3 ± 1.4.

Thirteen (38%) patients had skull vault fractures and 16 (47%) had skull base fractures. Most patients (32, 94%) had combinations of different intracranial hematomas, with subdural hematomas (26, 77%), cerebral contusions (19, 56%), and subarachnoid hemorrhage (18, 53%). No patients aged over 65 suffered from isolated extradural hematoma. Ten (29%) patients had burr hole and ventriculostomy alone, and 24 (71%) patients had craniotomy for clot evacuation. Additional craniectomy was performed on ten (29%) patients to control intracranial hypertension.

Eleven (32%) patients attained favorable neurological outcomes at 6 months, including two patients with an initial GCS score of 3/15. Clinical profiles are presented in [Table 3](#T3){ref-type="table"}. Sixteen (47%) patients died or remained in a vegetative state at 6 months.

###### 

Profile of elderly multiple trauma patients yielding favorable neurological outcomes at 6 months, following emergency neurosurgical operation
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DISCUSSION {#sec1-4}
==========

In this study, we confirmed that advancing age was a poor prognostic factor in multiple trauma patients who required neurosurgical operations. Nevertheless, one-third of patients aged over 65 regained independence, including patients presenting with coma-producing severe head injury. Thus, long-term favorable neurological outcomes can still be achieved after a course of dedicated neurorehabilitation in selected elderly multiple trauma patients. This was, in contrast to some previous published studies, in which none of the comatose traumatic brain injury patients aged above 70 years achieved good recovery and only 1% achieved independency in activity of daily living.\[[@ref14][@ref15]\] Kilaru *et al*. reported that all traumatic brain injury patients aged 65 years or above with admission GCS 3/15 died.\[[@ref26]\] The outcome of a selected group of patients, with severe traumatic brain injury who had GCS scores of 3 or 4 and were over 65 years old, was also reported, in which favorable outcomes could be achieved in some of these patients.\[[@ref27]\] With aggressive neurosurgical and neurointensive care, we were able to achieve independency in activity of daily living in two similar patients. More recently, Gan *et al*. reported that 23% of elderly aged 64 years or above could achieve good outcome after moderate or severe traumatic brain injury,\[[@ref11]\] concurring that some of these elderly patients could achieve favorable outcome with active neurosurgical and neurointensive management. Our results also concurred with previous studies that age was a strong prognostic predictor.\[[@ref12][@ref28]\]

A recent article from the MRC Corticosteroid Randomization After Significant Head Injury (CRASH) trial collaborators presented the predictive factors for outcomes after traumatic brain injury in a cohort of 10,008 patients.\[[@ref29]\] The researchers took the opportunity of the CRASH trial to develop a prognostic model for head injury. They identified age as an independent predictive factor for mortality at 14 days, and death or severe disability at 6 months. This basic model (demographic and clinical variables only) included age, GCS, pupil reactivity, and the presence of extracranial injury. This was the first model to include the presence of extracranial injury in a prognostic model for traumatic brain injury. Moreover, this model pioneered the recognition of a distinct and poorer outcome of traumatic brain injury in multiple trauma elderly patients.

Fall-related injuries are among the most serious, and most common, medical problems experienced by older people.\[[@ref30][@ref31]\] Internationally, injuries are a leading cause of death in the elderly, and falls constitute a high proportion of accidental deaths.\[[@ref29][@ref30]\] Common underlying causes and risk factors for falls include muscle weakness, gait and balance problems, visual impairment, cognitive impairment, depression, functional decline, and medications.\[[@ref32]\] In this study, 50% of multiple trauma patients aged over 65 years required neurosurgical operations due to a fall from less than 1 m or on the level ground. This finding, in association with other injuries caused by falls in the elderly,\[[@ref19]\] should highlight the need for community awareness in advancing preventive measures. Current evidences suggested that tai chi group exercise, muscle strengthening and balance retraining, home hazard assessment and modification, withdrawal of psychotrophic medications, and cardiac pacing for patients with cardioinhibitory carotid sinus hypersensitivity were effective to prevent fall and should be considered in the community preventive and education programs.\[[@ref33][@ref34]\]

Weakness of this single-center study includes a long study period and the relatively smaller sample of elderly patients. Nevertheless, we were able to confirm the poor prognostic effect of age and describe the management outcome of elderly multiple trauma patients with neurosurgical operations.

CONCLUSION {#sec1-5}
==========

Age was an important prognostic factor in multiple trauma patients requiring neurosurgical operations. Future randomized controlled clinical trials should be designed to recruit elderly patients (such as age between 65 and 75 years) at clinical equipoise for traumatic hematoma (such as subdural hematoma or traumatic intracerebral hematoma) evacuation and assess the quality of life, neurological, and cognitive outcomes.
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